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1

TRANSMITTER, RECEIVER AND
TRANSCEIVER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to receivers, trans-
mitters and transceivers of electronic devices, and, more
particularly, to common-mode voltage control of receivers,
transmitters, and transceivers.

2. Description of Related Art

An celectronic device with a connection capability
includes a transmitter and a receirver, or a transceiver, which
1s an integration of a transmitter and a receiver. The trans-
mitter tends to disturb the common-mode voltage on the
circuit when transmitting differential signals. As to the
receiver, when receiving the differential signals, the receiver
1s also subject to the mput signals, leading to disturbance on
the common-mode voltage on the circuit. In other words, the
disturbance on the common-mode voltage of the transmutter,
receiver and transceiver of the electronic device may arise
from the inside of the circuits or the input signals. The
disturbance on the common-mode voltage may cause poor
signal-to-noise-and-distortion ratio (SNDR), the occurrence
of electromagnetic interference (EMI) or insuflicient voltage
headroom. Insuthlicient voltage headroom may decrease the
linearity of the circuait.

Therefore, 1t 1s necessary to address the above issues to
improve the performance and accuracy of transmitters,
receivers, and transceivers.

SUMMARY OF THE INVENTION

In view of the issues of the prior art, an object of the
present mvention 1s to provide a transmitter, a receiver and
a transceiver to improve the performance and accuracy of
transmitters, receivers and transceivers.

A transceiver 1s provided. The transceiver includes a
hybrid transceiving circuit and a common-mode voltage
control circuit. The hybnd transceiving circuit includes a
digital-to-analog converter circuit, a line driver coupled to
the digital-to-analog converter circuit, a filtering and/or
amplifying circuit coupled to the line driver, and an analog-
to-digital converter circuit coupled to the filtering and/or
amplifying circuit. The common-mode voltage control cir-
cuit 1s electrically connected to a node of the hybrid trans-
ceiving circuit and configured to detect a common-mode
voltage of the node and to adjust the common-mode voltage
of the node.

A transmitter 1s also provided. The transmitter includes a
transmitting circuit and a common-mode voltage control
circuit. The transmitting circuit includes a digital-to-analog
converter circuit, a line driver coupled to the digital-to-
analog converter circuit, and a terminator coupled to the line
driver. The common-mode voltage control circuit is electri-
cally connected to a node of the transmitting circuit and
configured to detect a common-mode voltage of the node
and to adjust the common-mode voltage of the node.

A recerwver 1s also provided. The receiver includes a
receiving circuit and a common-mode voltage control cir-
cuit. The receiving circuit includes a terminator, a filtering
and/or amplifying circuit coupled to the terminator, and an
analog-to-digital converter circuit coupled to the filtering
and/or amplifying circuit. The common-mode voltage con-
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trol circuit 1s electrically connected to a node of the receiv-
ing circuit and configured to detect a common-mode voltage
of the node and to adjust the common-mode voltage of the
node.

The transmitter, receiver and transceiver of the present
invention include a common-mode voltage control circuit
which can stabilize the common-mode voltage of a certain
circuit node of the transmitter, receiver and transceiver.
Compared with the conventional technology, the common-
mode voltage of the transmitter, recerver and transceiver of
the present ivention 1s less susceptible to disturbance and
appears relatively stable, and so the performance of the
transmitter, receiver and transceiver 1s improved.

These and other objectives of the present mvention no
doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
terred embodiments with reference to the various figures and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1illustrates a functional block diagram of a trans-
celver according to an embodiment of the present invention.

FIG. 1B illustrates a functional block diagram of the
filtering and/or amplitying circuit 122 1n FIG. 1A according
to an embodiment of the present invention.

FIG. 2 illustrates a functional block diagram of a com-
mon-mode voltage control circuit according to an embodi-
ment of the present invention.

FIGS. 3A and 3B illustrate circuit diagrams of a common-
mode voltage detection circuit according to two example
embodiments of the present invention.

FIG. 4 1llustrates a circuit diagram of a pull-down circuit
according to an embodiment of the present invention.

FIG. 5 illustrates a circuit diagram of a pull-up circuit
according to an embodiment of the present imvention.

(Ll

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The following description 1s written by referring to terms
of this technical field. If any term 1s defined 1n this speci-
fication, such term should be explained accordingly. In
addition, the connection between objects or events in the
below-described embodiments can be direct or indirect
provided that these embodiments are practicable under such
connection. Said “indirect” means that an intermediate
object or a physical space exists between the objects, or an
intermediate event or a time interval exists between the
events.

The disclosure herein includes a transmitter, receiver and
transceirver. On account of that some or all elements of the
transmitter, receiver and transceiver could be known, the
detail of such elements 1s omitted provided that such detail
has little to do with the features of this disclosure, and that
this omission nowhere dissatisfies the specification and
enablement requirements.

FIG. 1A 1s a functional block diagram of a transceiver
according to an embodiment of the present invention. The
transceiver 100 includes a hybrnd transceiving circuit and a
common-mode voltage (V __ ) control circuit 140. The hybrid
transceiving circuit includes a transmitting circuit 110 and a
receiving circuit 120. The transmitting circuit 110 and the
common-mode voltage control circuit 140 constitute a trans-
mitting section of the transceiver 100. The receiving circuit
120 and the common-mode voltage control circuit 140
constitute a recerving section of the transceiver 100. The
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transmitting circuit 110 and the recerving circuit 120 share
the pin 131 and the pin 132. The transceiver 100 1s coupled
to an external circuit through the pins 131 and 132 (1.e., the
pins 131 and 132 are output/input terminals of the trans-
ceiver 100). For example, when the transceiver 100 1is
applied to Ethernet, the pins 131 and 132 are coupled to the
RJ45 connector through a transformer. The transmitting
circuit 110 outputs signals through the pins 131 and 132 (i.¢.,
the pmns 131 and 132 are the output terminals of the
transmitting circuit 110), and the receiving circuit 120
receives signals through the pins 131 and 132 (1.¢., the pins
131 and 132 are the mput terminals of the receiving circuit
120).

The transmitting circuit 110 includes a digital-to-analog
converter (DAC) circuit 112, a line driver 114 and a termi-
nator 116. The DAC circuit 112 receives signals Vin and Vip
from a pre-stage circuit (e.g., a digital signal processor
(DSP), not shown) and converts the signals Vin and Vip into
analog signals. The line driver 114 1s used for enhancing the
driving capability of the output signals. The terminator 116
1s used for impedance matching. The line driver 114 may
further include an echo canceller. However, 1n cases where
the line driver 114 1s employed 1n a transmitter rather than
a transceiver, the line driver 114 does not include an echo
canceller. The internal circuits of the DAC circuit 112, line
driver 114 and terminator 116 are well known to those
having ordinary skill in the art, and are thus omitted for
brevity. In some embodiments, the terminator 116 1s inte-
grated into the line driver 114; 1n this instance, the output of
the line driver 114 1s electrically connected to the pins 131
and 132.

The receiving circuit 120 includes a filtering and/or
amplifying circuit 122, an analog-to-digital converter
(ADC) circuit 124, a terminator 116 and a terminator 126.
The recerving circuit 120 receives the input signal through
the pins 131 and 132. The filtering and/or amplifying circuit
122 filters and/or amplifies the put signal, and the ADC
circuit 124 converts the filtered and/or amplified input signal
into a digital signal before sending it to another circuit (e.g.,
sending the digital signal to a digital signal processor
(DSP)). In some embodiments, the filtering and/or amplify-
ing circuit 122 may be implemented by (1) an amplifier
having a filtering capability (such as a programmable gain
amplifier (PGA)); (2) a filter (such as a low-pass filter
(LPF)); or (3) a filter 1221 and an amplifier 1222 which are
connected 1n series, as shown in FIG. 1B. In the event of
FIG. 1B, the mput signal passes through the filter 1221 and
then the amplifier 1222 before entering the ADC circuit 124.
The terminator 126 provides impedance matching on the
echo-canceling path. The internal circuits of the filtering
and/or amplitying circuit 122, the ADC circuit 124 and the
terminator 126 are well known to those having ordinary skall
in the art, and are thus omitted for brevity.

The common-mode voltage control circuit 140 1s used for
detecting and adjusting a common-mode voltage of a node
in the transmitting circuit 110 and/or the receiving circuit
120. More specifically, the transmitting circuit 110 and the
receiving circuit 120 include multiple nodes Nxp and Nxn
(in the example circuit of FIG. 1A, 1=x=4), and the com-
mon-mode voltage control circuit 140 1s electrically con-
nected to any of these nodes and adjusts the common-mode
voltage of the connected/controlled node according to the
common-mode voltage of the differential signal on the
connected/controlled node. In other words, the common-
mode voltage control circuit 140 1s a closed-loop control
circuit. As shown 1 FIG. 1A, the common-mode voltage
control circuit 140 uses the voltage V.. »,-and the voltage
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V.. . »n as the bias voltages and uses the output signal V
and the output signal V__ . as its own feedback signals. The
output signals V., and V_ ,, are the difterential signal on
the nodes Nxp and Nxn. In other words, the common-mode
voltage control circuit 140 may be electrically connected to:
(1) the mnput terminals of the ADC circuit 124 (correspond-
ing to the node (N1p, N1n)); (2) the output terminals of the
filtering and/or amplitying circuit 122 (corresponding to the
node (N1p, N1n)); (3) the mput terminals of the filtering
and/or amplifying circuit 122 (corresponding to the node
(N2p, N2n)); (4) the output terminals of the line driver 114
(corresponding to the node (N2p, N2n)); (5) the input
terminals of the terminator 116 (corresponding to the node
(N2p, N2n)); (6) the output terminals of the DAC circuit 112
(corresponding to the node (N3p, N3n)); (7) the input
terminals of the line driver 114 (corresponding to the node
(N3p, N3n)); (8) the output terminals of the terminator 116
(corresponding to the node (N4p, N4n)); or (9) the pins 131
and 132 (corresponding to the node (N4p, Ndn)).

In practice, the common-mode voltage control circuit 140
may also be electrically connected to nodes other than the
above-mentioned nodes, including but not limited to the
node (N5p, N3n) between the filter 1221 and the amplifier
1222 as shown 1n FIG. 1B. In some embodiments, the
transcerver 100 may include multiple common-mode volt-
age control circuits 140 to simultaneously stabilize the
common-mode voltages of multiple nodes 1n the circuit.

FIG. 2 1s a functional block diagram of the common-mode
voltage control circuit 140 according to an embodiment of
the present invention. The common-mode voltage control
circuit 140 1includes a pull-up circuit 212, a pull-down circuit
214, a pull-up circuit 222, a pull-down circuit 224 and a
common-mode voltage (V_ ) detection circuit 230. The
pull-up circuit 212 and the pull-up circuit 222 are biased by
the voltage V,. = »., and the pull-down circuit 214 and the
pull-down circuit 224 are biased by the voltage V,, . »,.
The common-mode voltage detection circuit 230 detects a
common-mode voltage V_, ot the output signal V_ . and
the output signal V___ . that 1s, the common-mode voltage
detection circuit 230 generates the common-mode voltage
V., according to the output signal V, . and the output
signal V_ . The pull-up circuit 212 (222) sources the
current I, , (I;,) to the node Nxp (Nxn), whereas the pull-
down circuit 214 (224) sinks the current I, , (I,,) from the
node Nxp (Nxn). More specifically, the pull-up circuit 212,
pull-down circuit 214, pull-up circuit 222 and pull-down
circuit 224 adjust the current I, , current I, , current I, and
current I, , respectively, according to the common-mode
voltage V__ 1n the following manner (1) when the common-
mode voltage V__ 1increases, the pull-up circuit 212 (222)
decreases the current I, , (I;,) (1.e., decreasing the pull-up
strength), and the pull-down circuit 214 (224) increases the
current I, , (I,,) (i.e., increasing the pull-down strength), so
as to decrease the voltages of the output signal V_,~ and the
output signal V___ (1.e., decreasing the common-mode volt-
age V_ ), and (2) when the common-mode voltage V_
decreases, the pull-up circuit 212 (222) increases the current
I,, (d,) (e, increasing the pull-up strength), and the
pull-down circuit 214 (224) decreases the current 1, (I5,,)
(1.e., decreasing the pull-down strength), so as to increase
the voltages of the output signal V. and the output signal
V___ (1.e., increasing the common-mode voltage V ). That
1s to say, the common-mode voltage control circuit 140
detects the common-mode voltage V__ of the controlled
node (1.e., Nxp and Nxn) and stabilizes the common-mode
voltage V __ of the controlled node by adjusting the currents

flowing into and out of the controlled node. When the
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common-mode voltage V_,, 1s close to a preset range, I, , 1s
substantially equal to I, , and I, 1s substantially equal to I,,..

FIGS. 3A and 3B are circuit diagrams of the common-
mode voltage detection circuit 230 according to two
example embodiments of the present imnvention. The com-
mon-mode voltage detection circuit 310 1ncludes a resistor
R1 and a resistor R2, and the resistance values of the resistor
R1 and the resistor R2 can be designed to be equal. The
common-mode voltage detection circuit 320 includes a

resistor R1, a resistor R2, a capacitor C1 and a capacitor C2.
The resistance values of the resistors R1 and R2 can be
designed to be equal, and the capacitor values of the
capacitors C1 and C2 can be designed to be equal.

FI1G. 4 15 a circuit diagram of a pull-down circuit accord-
ing to an embodiment of the present invention. The pull-
down circuit 400 1s a transconductance circuit which
includes a transistor 410, a transistor 420, a transistor 430,
a transistor 440, a current source 450, a current source 460,
a capacitor C1 and a capacitor C2. The pull-down circuit 400
1s equivalent to a combination of the pull-down circuit 214
and the pull-down circuit 224. The current source 450 and
the current source 460 are used for biasing the transistor 410
and the transistor 420, respectively. In other words, the
functions of the current sources 450 and 460 are equivalent
to the voltage V,. . »,. The capacitors C1 and C2 can be
used for detecting the common-mode voltage V__ of the
output signal V_ . and the output signal V. that 1s, the
voltage change at the node N reflects the change 1n the
common-mode voltage V . In other words, when the
pull-down circuit 214 and the pull-down circuit 224 in FIG.
2 are implemented by the pull-down circuit 400, the com-
mon-mode voltage detection circuit 230 1s inherently inte-
grated into the pull-down circuit 400. The transistor 430 and
the transistor 440 adjust the current I, and the current I,
according to the change in the common-mode voltage V __,
so as to achieve the purpose of adjusting the common-mode
voltage V__ . FIG. 5 1s a circuit diagram of the pull-up circuit
according to an embodiment of the present invention. The
pull-up circuit 500 has similar components to those of the
pull-down circuit 400. People having ordinary skill in the art
can understand the details of the circuit of FIG. 5 by
referring to the descriptions of FIG. 4, and so the details are
omitted for brevity.

For more implementations of the common-mode voltage
control circuit, please refer to U.S. patent application Ser.
No. 15/343,247.

The above-mentioned common-mode voltage control cir-
cuit 140 can stabilize the common-mode voltage of a node
in a circuit of a transmitter, a receiver and a transceiver.
Thus, the common-mode disturbances 1n transmitters,
receivers and transcervers can be mitigated, thereby improv-
ing the circuit performance. By merely referring to the
common-mode voltage of the controlled node (e.g., obtain-
ing the common-mode voltage according to the diflerential
signal on the controlled node), without the need to refer to
the voltages of other nodes 1n the circuit, the common-mode
voltage control circuit 140 dynamically and actively adjusts
the common-mode voltage of the controlled node; thus, the
common-mode voltage of the controlled node 1s stabilized.
Through detecting and adjusting the common-mode voltage
of at least one node i1n the circuit, the transmitter, receiver
and transceiver provided by the present invention have the
advantages of stable operation and excellent performance

Compared with the conventional technology, the com-
mon-mode voltage of the transmitter, receiver and trans-
ceiver ol the present invention 1s less susceptible to distur-
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bance and appears relatively stable, and so the performance
of the transmitter, receiver and transceiver 1s improved.

Since a person having ordinary skill in the art can appre-
ciate the implementation detail and the modification thereto
of the present method imnvention through the disclosure of the
device mnvention, repeated and redundant description 1s thus
omitted. Please note that the shape, size, and ratio of any
clement 1n the disclosed figures are exemplary for under-
standing, not for limiting the scope of this mnvention.

The aforementioned descriptions represent merely the
preferred embodiments of the present invention, without any
intention to limit the scope of the present invention thereto.
Various equivalent changes, alterations, or modifications
based on the claims of the present invention are all conse-
quently viewed as being embraced by the scope of the
present mvention.

What 1s claimed 1s:

1. A transceiver, comprising:

a hybrid transceiving circuit, icluding:

a digital-to-analog converter circuit;

a line driver coupled to the digital-to-analog converter
circuit;

a filtering and/or amplifying circuit coupled to the line
driver; and

an analog-to-digital converter circuit coupled to the
filtering and/or amplifying circuit; and

a common-mode voltage control circuit which 1s electri-

cally coupled to a node of the hybrid transceiving
circuit, 1s configured to detect a common-mode voltage
of the node and to adjust the common-mode voltage of
the node, and 1ncludes a pull-up circuit for sourcing a
current to the node according to the common-mode
voltage;

wherein when the common-mode voltage decreases, the

pull-up circuit increases the current, and when the
common-mode voltage increases, the pull-up circuit
decreases the current.

2. The transceiver of claim 1, wherein the common-mode
voltage control circuit further comprises:

a pull-down circuit for sinking a current from the node

according to the common-mode voltage;

wherein when the common-mode voltage decreases, the

pull-down circuit decreases the current, and when the
common-mode voltage increases, the pull-down circuit
increases the current.

3. The transceiver of claim 1, wherein the node 1s an
output terminal of the line driver.

4. The transceiver of claim 1, wherein the filtering and/or
amplifying circuit comprises a filter and an amplifier
coupled i1n series, and the node 1s an 1nput terminal of the
f1lter.

5. The transceiver of claim 1, wherein the filtering and/or
amplifying circuit comprises a filter and an amplifier
coupled 1n series, and the node 1s an output terminal of the
filter and an input terminal of the amplifier.

6. The transceiver of claim 1, wherein the node 1s an input
terminal of the analog-to-digital converter circuit.

7. The transceiver of claim 1, wherein the node 1s an
output terminal of the digital-to-analog converter circuit.

8. A transmitter, comprising:

a transmitting circuit, comprising:

a digital-to-analog converter circuit;

a line driver coupled to the digital-to-analog converter
circuit; and

a terminator coupled to the line driver; and

a common-mode voltage control circuit which 1s electri-

cally coupled to a node of the transmitting circuit, 1s
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configured to detect a common-mode voltage of the
node and to adjust the common-mode voltage of the
node, and includes a pull-up circuit for sourcing a
current to the node according to the common-mode
voltage;
wherein when the common-mode voltage decreases, the
pull-up circuit increases the current, and when the
common-mode voltage increases, the pull-up circuit
decreases the current.
9. The transmitter of claim 8, wherein the common-mode
voltage control circuit further comprises:
a pull-down circuit for sinking a current from the node
according to the common-mode voltage;
wherein when the common-mode voltage decreases, the
pull-down circuit decreases the current, and when the
common-mode voltage increases, the pull-down circuit
increases the current.
10. The transmitter of claim 8, wherein the node 1s an
output terminal of the line driver.
11. The transmitter of claim 8, wherein the node 1s an
output terminal of the digital-to-analog converter circuat.
12. The transmitter of claim 8, wherein the transmitter
comprises an output terminal, and the node 1s electrically
coupled to the terminator and the output terminal.
13. A recerver, comprising;
a recerving circuit, comprising;:
a terminator:
a filtering and/or amplifying circuit coupled to the
terminator; and
an analog-to-digital converter circuit coupled to the
filtering and/or amplifying circuit; and
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a common-mode voltage control circuit which 1s electri-
cally coupled to a node of the receiving circuit, is
configured to detect a common-mode voltage of the
node and to adjust the common-mode voltage of the
node, and includes a pull-up circuit for sourcing a
current to the node according to the common-mode
voltage;

wherein when the common-mode voltage decreases, the
pull-up circuit increases the current, and when the
common-mode voltage increases, the pull-up circuit
decreases the current.

14. The receiver of claim 13, wherein the common-mode

voltage control circuit further comprises:

a pull-down circuit for sinking a current from the node
according to the common-mode voltage;

wherein when the common-mode voltage decreases, the
pull-down circuit decreases the current, and when the
common-mode voltage increases, the pull-down circuit
increases the current.

15. The receiver of claim 13, wherein the filtering and/or
amplifving circuit comprises a filter and an amplifier
coupled 1n sernies, and the node 1s an 1mput terminal of the
filter.

16. The recerver of claim 13, wherein the filtering and/or
amplifying circuit comprises a {filter and an amplifier
coupled 1n series, and the node 1s an output terminal of the
filter and an 1put terminal of the amplifier.

17. The recerver of claim 13, wherein the node 1s an input
terminal of the analog-to-digital converter circuit.
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